Abstract
Introduction
The economic benefits from pristine natural ecosystems such as forests have been consistently emphasized and evidence reported by various workers around the world (Constanza et al., 2006; de Groot et al., 2002; de Groot et al., 2010; Shimelis 2016) . Shimelis (2016) have substantiated the economic values of Ethiopia's forests through the depiction of their effects on productivity of agriculture and animal husbandry. Furthermore evidence was presented regarding the important role played by forests in enhancing availability of both surface and ground water which themselves had significant effects on productivity of agriculture and animal husbandry.
There is a consensus amongst the largest majority of ecologists of this world that climate change is a very important global problem (Smit and Skinner, 2002; Sutherland et al., 2010 , Karl et al., 1993 and forests through the sequestration of carbon linked green house gases play a major role in lessening it and also mitigating it (Sutherland et al., 2010) . To this effect climate centered conservation initiatives and also calls for active engagement in mitigation of climatic warming cite such convictions of the roles of the globe's forests (Sutherland et al., 2010) . It may be true that the forests considered in Shimelis (2016) do have such an effect and highly interrelated to this, they may have climate centered functions which help explain why they have boosted productivity in sectors critical to humans.
After the availing of the listed evidences question remained by what manner of functional processes forests caused such positive changes in modes of production critical for the survival and also flourishing of human beings. The principal hypothesis of this paper is forests significantly affect climate, particularly temperature and precipitation, which themselves are important predictors of agricultural productivity, outputs of animal husbandry and availability of surface and ground water. To verify the validities of this hypothesis meta data which was previously published was gleaned and modeled.
Methods
The study area encompasses four regions in Ethiopia namely Amhara, Oromiya, Southern Nations and People and Tigray. The four regions have differing extents of cloud afromontane forest (Shimelis, 2016) shared and unique important characteristics of the four regions are already reported and are parts of the existing body of peer-reviewed literature (Shimelis et al., 1996 , Shimelis, 2016 .
Figure1: The location of Ethiopia which is the study area relative to the three continents Meta data from various sources on forest cover (Shimelis et al., 1996 , EWNHS, 2001 , regional crop output, regional crop and livestock output (Ehui et al., 2001) , and climate (Aulachew et al., 2007) was gleaned and through successive univariate linear regression modeling the regulatory effects of forest cover on the climatic components of the regions was explored with the effect that the latter's contribution to food production and water provisions was investigated.
In a similar fashion to Shimelis (2016) data on all variables except climate was used in the modeling process. Data on averages of precipitation and temperature for each of the four regions was calculated from random and representative locations on the cartographic climatic report and these were linearly regressed against the rest as found appropriate.
Results

The Effects of Forest Cover on Climate
The amount of rainfall that a region receives in Ethiopia is significantly (P< 0.01) a function of how well the region is covered with forests. There was a positive increasing effect of forest cover on precipitation which is the amount of rainfall that a region was observed to have had (Figure 2 ). The predicted linear best fit line in this model explained more than 95 % of the observations made on the response variable.
The second part of figure 2 indicates there is a significant cooling effect of forests on the climate of the regions considered as there was significant (P < 0.01) negative relationship between forest cover and average temperature of the regions. Here the model's predicted best fit line explained more than 77 % of the variation in observations of regional average temperature. 
Sensitivities of Crops to Climate
As indicated in figure 3 the level of precipitation had significant (P< 0.01) increasing effects on crop output. The predicted best fit line in the model explained more than 88 % of the variation in crop output observations. Figure 4 indicates there was significant positive effect of the rain that was fallen across regions on the crop and livestock output. The model's best fit explained more than 81% of the variation in the observed data set of the crop and livestock output.
Sensitivities of Crop Plus Livestock Output to Climate
As the temperature component of the climate warmed there was significant decline in the crop and livestock output (Figure 4) . The model's best fit explained more than 97 % of the variation in the observed data set. 
Sensitivities of Surface Water to Climate
As result of increase in rainfall there was significant (P<0.01) increase in the available surface water across regions ( Figure 5 ). The model's best fit line explained more than 99 % of the variation in the observed data set for surface water volume. Figure 5 : Sensitivities of the available surface water to levels of precipitation and temperature Surface water significantly (P < 0.01) declined as the climate had warmed across regions ( Figure 5 ). The best fit line of the model explained more than 93 % of the variation in the data set. Figure 6 shows there was a significant (P < 0.01) increase in ground water volume across regions as the amount of rainfall increased. The best fit line of the model explained more than 97 % of the variation in observations of ground water volume. The response of ground water volume across regions was significantly (P < 0.01) negative as it declined with increases in temperature ( Figure 6 ). The model's best fit line explained more than 81 % of the variation in the data set observed for ground water volume across regions.
Sensitivities of Ground Water to Climate
The
Effect of Temperature on Precipitation
The amount of rainfall that had fallen across the four regions of Ethiopia was significantly (P < 0.01) explained as a function of temperature ( Figure 7) Figure 7: The effect of temperature on the average precipitation across the four regions
Discussion
Evidence regarding the substantial economic benefits gained by humans by maintaining biodiversity has been presented by various workers around the world (Constanza et al., 1997; de Groot et al., 2002; de Groot et al., 2010; Shimelis in press) . These indicated through regulatory and other functions biodiversity plays very critical roles such as the maintenance of a healthy climate, the hydrological cycle and highly interrelated to these have significant contributions to the food production sector not to mention benefits accrued in the building of human shelters and also the consumptive use of plant and animal biomass as fuel.
In this paper one very important question regarding the functional role of forests was answered through the depiction of their effects on two key climatic variables which are precipitation and temperature. The variabilities in averages of these two response variables which was demonstrably proved as a function of differences in forest cover across the four regions of Ethiopia can explain why forests are considered as key for boosting food production and also mitigation of the calamities predicted to occur as result of the warming of the climate.
Agriculture is one of the most important economic sector most vulnerable to the calamities of a changing climate because of its natural sensitivities to key attributes of the latter (Smit and Skinner, 2002) . Through regulation of key climatic components, as depicted in this paper, forests contribute significantly in making sure the right environment is created for food production which would be negatively affected in a significant manner if the climate warms. It was shown that such an effect is responsible for availability of ground and surface water which is dependent on the magnitude of precipitation and how warm the climate is. Thus one of the threats posed by climatic warming is the drying of our rivers which are major reservoirs of the surface water and also the emptying of wells which harbor waters of multiple uses to humans.
The warming of the climate was also proven in this paper as the main driver of how high or low precipitation at the scale considered. This simply says as the climate gets warmer there will be substantial decline in rainfall. It is thus inevitable that deforestation brings about further warming of the climate at least at the scale considered in this paper along with all the calamities discussed with support of the evidence presented in this paper. Thus the concluding message is stop deforestation which is an anthropogenic process that causes the shrinkage of pristine landscapes that ought ways their natural potential to expand.
Conclusion
The results in the paper indicated forests regulate climate and because of that they affect food production including water availability. The line of thinking justified because of the evidence presented is rather than destroying pristine landscapes for the sake of a boost in food production what we need to do is expanding them wherever possible. This not only results in positive changes in food production but significantly reduces the likelihood of the climate warming which reduces productivity in a key economic sector.
